The advent of pulsed-field gel electrophoresis technology for separating high-molecular-weight DNA molecules has provided a novel means of characterizing the chromosome sets of lower eukaryotes (3, 22) . Fundamentally new information about the basic organization of the genomes of many species, including Schizosaccharomyces pombe, Candida albicans, Neurospora crassa, and Cryptococcus neoformans, has been published (7, 14, (16) (17) (18) .
Hansenula polymorpha (syn. Pichia angusta) (12) is a methylotrophic yeast assuming a primary role as a host for high-level expression of heterologous genes (9) . At present, little information is available regarding the genomic structure and organization of this yeast species (10, 11) . In 1986 De Jonge et al. (6) , using orthogonal-field-alternation gel electrophoresis, observed three distinct chromosomal mobility groups in one strain of H. polymorpha, all of which were larger than 1,000 kb. In this work we show that with pulsed-field gel electrophoresis modified for contourclamped homogeneous field gel electrophoresis (5), chromosomal DNA from H. polymorpha strains can be separated into two to six distinct bands ranging from 650 to 2,200 kb in size.
Chromosome-size DNA molecules were prepared from the following H. polymorpha strains: ATCC 14754, ATCC 14755, ATCC 18208, ATCC 26012, ATCC 34438, ATCC 58401, ATCC 64209, ATCC 66057, and LR9 (19) . Intact chromosomal DNAs were prepared by growing Hansenula strains in yeast extract-peptone-glucose medium (4) for 14 to 18 h at 30°C with shaking. Growth conditions were such to maintain the yeast as a stable haploid (10) . Cells (10 ml) were harvested by centrifugation, washed twice with TE (10 mM Tris-HCl, 1 mM EDTA, pH 8.0), suspended in 4 ml of TE, and transferred to a 50-ml round-bottom flask. Embedding of cells in the agarose matrix and the lysis procedure were as described by Carle and Olson (4) . Soon after lysis, agarose microbeads were prepared for digestion as described by Sambrook et al. (21) . DNA preparations showed significant degradation of the large DNA molecules within 2 Electrophoresis was performed in the 2015 PULSAPHOR apparatus (LKB-Pharmacia Biotechnology, Uppsala, Sweden). Samples were electrophoresed through 1% (wt/vol) agarose gels in 0.5 x TAE buffer (21) at 9°C. Electrophoresis of chromosomes was carried out for 15 h with a 60-s pulse time and then for 9 h with a 90-s pulse time at 13 V/cm. Electrophoresis of chromosomal DNA digests was carried out for 20 h with a 30-s pulse time at 10 V/cm. Gels were stained with ethidium bromide (0.5 ,ug/ml) for 20 min, destained in distilled water, and photographed under UV light. Chromosomes and restriction fragment sizes were determined from their mobilities by using Saccharomyces cerevisiae YNN295 chromosomes (Bio-Rad Laboratories, Richmond, Calif.) and phage lambda concatemers (CLON-TECH Laboratories, Inc., Palo Alto, Calif.) as reference molecular weight markers. Southern blot hybridizations were carried out by standard methods (21) . The 2.4-kb EcoRI fragment of 25S ribosomal DNA (rDNA) of S. cerevisiae (23) was used as a probe for localization of the rDNA genes in H. polymorpha chromosomes. A 5.5-kb PvuII fragment from pYAC3, which includes the CEN4 sequence of S. cerevisiae (2), was also used as a probe. Probes were labeled with 32P by the random-primer method (8) using a commercial kit (Boehringer). [a-32P]dCTP (specific activity, 800 Ci/mmol, 10 uCi/,ul) was purchased from Amersham (Amersham, Little Chalfont, United Kingdom).
The best resolution of chromosome-size DNA molecules was obtained by applying electrophoresis conditions that adequately separated S. cerevisiae chromosomes. As shown in Fig. la and 2 , the number of separable bands for H. polymorpha ranged from two to six. Their sizes, compared with the known sizes of S. cerevisiae chromosomes, were estimated to range between 650 and 2,200 kb. Three groups of chromosomal bands could be resolved: bottom bands (650 to 900 kb in size, present only in two strains), middle bands (1,000 to 1,600 kb in size, present in nearly all strains examined), and top bands (>1,600 kb in size, present in all the strains examined) (Fig. 2) .
When the chromosomes separated according to the preceding conditions were blotted and probed with the S. cerevisiae rDNA probe, hybridization signals corresponding to bands with the following approximate sizes were observed: 1,100 kb for ATCC 26012, ATCC strain LR9; and 800 kb for ATCC 14755 ( Fig. lb and 2 ). The fact that two hybridization signals were observed for the chromosome which carries rDNA genes when separating the haploid genome of ATCC 14754 (Fig. lb, lane A' ) suggests the presence of two homologs and subsequently aneuploid conditions. Similarly, the overly strong hybridization signals observed for strains ATCC 18208 and ATCC 64209 (Fig. lb, lanes B' and G') could be due to the presence of more than one homolog carrying rDNA comigrating together. Comigration of more than one chromosome (either homologous or nonhomologous) could also be the cause of the unusual brightness and thickness of some bands (Fig. la, lanes B and  G) and explain the abnormally small number of bands present in the electrokaryotype of ATCC 18208 (Fig. la, lane B) .
No hybridization signal was observed when a DNA fragment of pYAC3 containing the S. cerevisiae CEN4 sequence was used as a probe (data not shown).
Analysis of chromosomes from three Hansenula strains (ATCC 26012, ATCC 58401, and LR9) yielded fragments ranging from a few kilobases up to about 500 kb in size after cleavage by the rare cutting enzymes NotI and Sfi1 (13 (15, 22) , C. albicans with chromosomes ranging from 1,000 to 5,000 kb (14) , and Schizosaccharomyces pombe with chromosomes ranging from 3,000 to 9,000 kb (7) (14) . Moreover, because only one linkage group has so far been described for H. polymorpha (11), it is not possible yet to establish, by using appropriate probes, a relationship between the electrokaryotype and classical genetic analysis. It should be noted that great electrokaryotype variability was observed among the strains investigated in this study, notwithstanding the fact that they all are ascribed to the same species. Similar observations have also been reported for other yeast species (1, 20) . Since H. polymorpha is capable of mating (11), it would be interesting to know whether viable meiotic progenies are obtained from crosses of the strains with diverse electrokaryotypes. For this purpose, generation of auxotrophic mutants from some of the investigated strains is currently in progress.
In H. polymorpha the rDNA showed different localizations in the nine genomes studied, suggesting that chromosomal changes could involve, as it happens in C. albicans (20) , the chromosome which carries rDNA genes.
